Prion protein knockout (PRNP
cattle) by inserting neomycin-and puromycin-resistance genes as selection markers and they discussed the possibility of using PRNP Ϫ/Ϫ cattle as a source of milk, gelatin, collagen, serum, and plasma. 1) Such products would be prion-free. Additional genetic modification against a PRNP Ϫ/Ϫ background could be useful for producing prion-free therapeutic recombinant human proteins, tissue, and reagents in transgenic livestock for biomedical application.
1) The use of PRNP Ϫ/Ϫ cattle appears very attractive if the animals are kept under appropriate management.
However, GE animals, including PRNP Ϫ/Ϫ cattle, have not been authorized as a source of food in many countries, and Japan has made safety assessment of genetically modified (GM) foods and processed foods containing GM ingredients mandatory. Since April 1, 2001 , any GM food that has not been authorized is prohibited from importation or sale in Japan. If contamination of the food by material from unauthorized GE animals is suspected, the food must be recalled, thereby making it necessary to rapidly and accurately detect contaminating unauthorized GE material.
In the present study we used real-time polymerase chain reaction (real-time PCR) to develop a method of detecting materials produced from GE cattle. The method is based on the detection of neomycin-and puromycin-resistance genes inserted in the cattle genome as selection markers. Five samples of beef imported from the U.S. were then monitored using the present detection method.
MATERIALS AND METHODS

Materials
Five samples of beef imported from the U.S.A. (four of non-processed beef, one of grilled beef), and a sample of beef produced in Japan (non-processed beef) as a negative control, were purchased at a market in Tokyo. As standard material for the calibration curves of real-time PCR, plasmids pcDNA 3.1(Ϫ) and pIRESpuro3 Vector were purchased from Invitrogen (Carlsbad, CA, U.S.A.) and Clontech (Mountain View, CA, U.S.A.), respectively.
Extraction of Beef DNA Genomic DNA was extracted from 2 g of each beef sample by using two columns of Genomic-tip 20/G (Qiagen, Hilden, Germany) according to the manufacturer's manual but with the modification described previously.
2) The DNA concentration in the prepared DNA solutions was determined by measuring UV absorption at 260 nm with a GeneQuant pro spectrophotometer (Amersham Biosciences, Piscataway, NJ, U.S.A.).
Real-Time PCR Detection of Neomycin-and Puromycin-Resistance Genes Real-time PCR was performed by using the ABI PRISM ® 7900HT sequence detection system (Applied Biosystems, Foster City, CA, U.S.A.). All reactions were run in triplicate in 96-well plates. A notemplate control (NTC) was also prepared as a negative control for the analyses. The data were analyzed by using the data analysis software version 2.1 included in the real-time PCR system. When the cycle threshold value was more than 38, we considered the amplification to be negative because of the difficulty of confirming the exponential amplification.
Calibration of Standard Curves for the Neomycin-and Puromycin-Resistance Genes in Real-Time PCR The PCR reaction mixtures were placed in a final volume of 25 ml consisting of 12.5 ml of the universal PCR master mix (Applied Biosystems), 0.75 ml of the primer pair (10 mM each), 0.5 ml of the TaqMan MGB probe (10 mM), and 2.5 ml of control plasmid template DNA. Standard curves were plotted by using seven concentrations of the control plasmid template DNA, i.e., containing 20, 200, 2.0 k, 20 k, 200 k, 2.0 M, and 20 M copies, respectively.
For detection of the neomycin-resistance gene, pcDNA 3.1(Ϫ) digested with EcoRI was used as the template DNA, and the nucleotide sequences of the sense and anti-sense primers used were NeoF (5Ј-CGACCACCAAGCGAAA-CAT-3Ј) and NeoR (5Ј-CTCTTCGTCCAGATCATCCTGAT-3Ј), respectively. The probe structure was NeoPro, 6-carboxy-fluorescein (FAM)-CATCGAGCGAGCACGTA-minor groove binder (MGB).
For detection of the puromycin-resistance gene, pIRESpuro3 Vector digested with EcoRI was used as the template DNA, and the nucleotide sequences of the sense and antisense primers used were PuroF (5Ј-TCACCGAGCTGCAA-GAACTCT-3Ј) and PuroR (5Ј-CCCACACCTTGCCGATGT-3Ј), respectively. The probe structure was PuroPro, FAM-CCTCACGCGCGTCG-MGB. The reaction conditions included an initiation step for 2 min at 50°C and 10 min at 95°C, followed by 40 cycles of 10 s at 95°C and 1 min at 60°C.
Calibration of the Standard Curves in the Presence of DNA Extracted from a Beef Sample The genomic DNA extracted from the Japanese beef sample was added to the PCR reaction mixture to a final concentration of 10 ng/ml. A 1.25 ml volume of endogenous 18S ribosomal RNA (rRNA) primers and probe (No. 4319413E, Applied Biosystems) was added to the PCR reaction mixture as the internal control. The endogenous 18S rRNA probe was labeled with fluorescent reporter dye VIC, and duplex PCR was adopted. The control plasmids for the standard curves and the PCR reaction conditions were the same as described in the section above.
Survey of Samples of Beef Imported from the U.S.A. and Purchased in a Japanese Market Genomic DNAs extracted from samples of beef imported from the U.S.A., instead of the genomic DNA extracted from the Japanese beef sample were added to a final concentration of 10 ng/ml in the PCR reaction mixture described in the calibration of standard curves in the presence of DNAs extracted from a beef sample section. No control plasmids were added.
The experiments described in the calibration of standard curves in the presence of DNA extracted from a beef sample section were conducted in parallel to construct standard curves. The presence of the neomycin-and puromycin-resistance genes in samples of beef imported from the U.S.A. was examined with the same PCR reaction conditions described in the section above.
RESULTS
Extraction of DNA from Beef Samples
The amounts of genomic DNA in the DNA sample solutions prepared from the non-processed beef samples were in the 63-117 mg range. The size of the extracted DNAs appeared to be mostly greater than 6.6 kb according to agarose gel electrophoresis analysis as shown in Fig. 1 . The amount of genomic DNA in the DNA sample solution prepared from the grilled beef sample was 16 mg. The length of the DNA prepared from the grilled beef sample was in the 0.2-1.4 kb range. This result indicates that the genomic DNAs extracted from the grilled beef sample had been degraded by the processing.
Establishment of Calibration Curves
We designed specific primers and probes for the neomycin-resistance gene and the puromycin-resistance gene based on their sequences. The primers and probes were then used to confirm that the amplification curves could be obtained with the pcDNA3.1(Ϫ) and pIRESpuro3 Vector series digested with EcoRI as standard molecules, and that neomycin-and puromycin-resistance genes could be detected quantitatively by using real-time PCR.
Next, the plasmids were spiked into genomic DNA extracted from the Japanese beef sample. We then confirmed that the amplification curves could be obtained with the plasmids and that the two resistance genes could be detected in the presence of genomic DNA extracted from a beef sample. In the tests for both resistance genes we also confirmed that the amplification curves of the probe labeled with the VIC dye for the endogenous 18S rRNA gene were obtained for all sample solutions to evaluate the quality of the extracted genomic DNAs. As shown in Fig. 2 , the standard curve for the In addition, as shown in Fig. 3 , the standard curve for the amount of the puromycin-resistance gene copy number was calibrated by using the pIRESpuro3 Vector series digested with EcoRI: yϭϪ5.366xϩ54.25 (threshold 0.16, R 2 ϭ0.973). We estimated that the detection limit was 144 copies for the neomycin-resistance gene and 1070 copies for the puromycin-resistance gene, based on the formulas and the levels at 38 as Ct values.
Survey of the Five Samples of Beef Imported from the U.S.A. To assess the validity of our method we used it to test five samples of beef imported from the U.S.A. The standard curves were used to determine whether the neomycinand puromycin-resistance genes were present in the samples of beef imported from the U.S.A. Trace amounts of the neomycin-resistance gene were detected in one of the five beef samples. However, the results were not reproducible because the number of copies of the gene appeared to be close to the detection limit. The puromycin resistance-gene, on the other hand, was not detected in any samples. Analysis of the endogenous 18S rRNA gene yielded amplification plots similar from all five samples. In all of the tests for the endogenous 18S rRNA, the threshold lines were set at 0.20, and the Ct values were constant (between 16.8-18.9).
DISCUSSION
In this study we developed real-time PCR method for detecting the neomycin-resistance gene and puromycin-resistance gene inserted into the genome of GE cattle as a means of testing beef for the contamination by material from GE cattle.
Because we considered it difficult to obtain material that originated in PRNP Ϫ/Ϫ cattle as a positive control and to obtain a sequence that would be specific for PRNP Ϫ/Ϫ cattle, we used plasmids containing the neomycin-resistance gene and puromycin-resistance gene as alternative standard reference molecules to develop the detection method. The specific primer pairs and probes for the both resistance genes were designed within the sequences of each resistance gene for the real-time PCR experiments. The results clearly showed that the neomycin-and the puromycin-resistance genes could be quantitatively detected in the presence of genomic DNA extracted from beef samples, suggesting that the detection method is capable of being used to detect genomic DNAs from PRNP Ϫ/Ϫ cattle. Many real-time PCR detection methods based on fluorescence detection, such as TaqMan ® chemistry, have been developed to identify and quantify GM maize, 2-7) GM soybeans, [2] [3] [4] [5] 8, 9) and GM varieties of other agricultural commodities 7) and to detect pork, beef, chicken, mutton, and horse in foods. 10) This model experiment in which standard plasmids were spiked into genomic DNA from a beef sample and were detected is thought to be reasonable and acceptable, because plasmid DNA markers containing cloned transgenic sequences have been used for genetically modified organism analysis. 3) We applied this detection method to testing five samples of beef imported from the U.S.A., and trace amounts of the neomycin-resistance gene were detected in one of the five samples in our survey. Sequences homologous to the 3Ј-aminoglycoside phosphotransferase gene, which is responsible for neomycin resistance, have been detected in raw ground beef, 11) consistent with our own results. Since it is almost impossible to completely remove contaminating bacteria containing DNA sequences homologous to the 3Ј-aminoglycoside phosphotransferase gene from beef samples, we considered it important to simultaneously detect both the neomycin-resistance gene and puromycin-resistance gene as an appropriate criterion for a positive result. Based on this criterion all five samples of beef imported from the U.S.A. that we tested were concluded to be negative for contamination by material from PRNP Ϫ/Ϫ cattle. The results of our tests confirmed that the genomic DNA extracted from the grilled beef sample was degraded, as expected. However, we concluded that the genomic DNA from the grilled beef was measurable in our real-time PCR analysis, because the amplification curves for the endogenous 18S rRNA reactions were clearly detected by testing of the genomic DNA from the grilled beef sample, the same as the genomic DNA from the non-processed beef samples, although the sensitivity of the test for the grilled beef sample would be lower.
The C-value for cattle is 3.15-3.93 according to Animal Genome Size Database. 12) In our study we used 250 ng of DNA extracted from each sample of beef imported from the U.S.A., and the cattle genome copy number would be approximately 6.36-7.94ϫ10 4 copies per sample. Based on this number of copies and the detection limit of our method, the target genes would be detected if the contamination ratio of the materials from GE cattle were 100%. In terms of the commercial process, beef material from GE cattle and from non-GE cattle might be mixed together in the future. Further study will be necessary to assess the feasibility of detecting lower levels of GE cattle material by using reference standards and extend the applications of the method we developed to more complex processed food products. It will be desirable to examine the appropriate way for the preparation of genomic DNAs from hamburger, canned beef, beef jerky and to apply the method to testing the genomic DNAs.
Furthermore, since both the neomycin-and puromycinresistance genes are widely used as selection markers when mammalian cells are genetically modified, detection using the present method does not specifically mean that the material prepared from PRNP Ϫ/Ϫ cattle is contaminated. However, it would be suspected that the material derived from kinds of GE cattle could be contaminated. This detection would suggest that more detailed analyses would be necessary.
In conclusion, rapid detection method for neomycin-resistant genes and puromycin-resistant genes inserted in the GE cattle genome has been established. This method would monitor beef for contamination by material from GE cattle to assure food safety.
